EP 3 118 977 A1

(1 9) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3118 977 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
18.01.2017 Bulletin 2017/03

(21) Application number: 15176420.6

(22) Date of filing: 13.07.2015

(51) IntClL:

HO2K 11/00(2016.:07) E05B 47/06 (2006.01)

EO05B 47/00 (2006.0%)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA

(71) Applicant: iLOQ Oy
90230 Oulu (FI)

(72) Inventors:

¢ Piirainen, Mika
90230 Oulu (FI)

¢ Pukari, Mika
90230 Oulu (FI)

(74) Representative: Kolster Oy Ab

Iso Roobertinkatu 23
PO Box 148
00121 Helsinki (FI)

(54) ELECTROMECHANICAL LOCK UTILIZING MAGNETIC FIELD FORCES

(67)  Electromechanical lock utilizing magnetic field
forces. An actuator (206) is moved (1202) between a
locked position (300) and an unlocked position (400). In
the locked position (300), a first permanent magnet (208)
directs (1204) a first magnetic field exerting a pushing
force to move a first permanent magnet pin (202) so that
rotation of a first axle (200) is blocked, and a second
permanent magnet (210) directs (1206) a second mag-
netic field exerting a pulling force to move a second per-
manent magnet pin (204) so that the first axle (200) is

kept uncoupled with a second axle (212). In the unlocked
position (400), the first permanent magnet (208) directs
(1208) a reversed first magnetic field exerting a pulling
force to move the first permanent magnet pin (202) so
that the first axle (200) is released to rotate, and the sec-
ond permanent magnet (210) directs (1210) a reversed
second magnetic field exerting a pushing force to move
the second permanent magnet pin (204) so that the first
axle (200) becomes coupled with the second axle (212).
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Description
Field
[0001] The invention relates to an electromechanical

lock, and to a method in an electromechanical lock.
Background

[0002] Electromechanicallocks are replacing tradition-
al mechanical locks. Further refinement is needed for
making the electromechanical lock to consume as little
electric power as possible, and/or improving the break-
in security of the electromechanical lock, and/or simpli-
fying the mechanical structure of the electromechanical
lock.

[0003] EP 1443162 discloses alock cylinder with a sin-
gle coupling member utilizing permanent magnets.
[0004] EP 2466043 discloses a coupling device with a
single coupling element utilizing a magnetic displace-
ment force.

Brief description

[0005] The present invention seeks to provide an im-
proved electromechanical lock, and an improved method
in an electromechanical lock.

[0006] Accordingtoan aspect of the presentinvention,
there is provided an electromechanical lock as specified
in claim 1.

[0007] According to another aspect of the present in-
vention, there is provided a method in an electromechan-
ical lock as specified in claim 17.

[0008] The invention may provide at least one of the
following advantages: reduce electric power consump-
tion, improve the break-in security, and/or simplify the
mechanical structure.

List of drawings

[0009] Example embodiments of the presentinvention
are described below, by way of example only, with ref-
erence to the accompanying drawings, in which

Figure 1 illustrates example embodiments of an elec-
tromechanical lock;

Figures 2A and 2B illustrate the same example em-
bodiment of the electromechanical lock from two dif-
ferent views;

Figure 3 discloses an example embodiment of the
electromechanical lock in a locked position;

Figure 4 illustrates an example embodiment of the
electromechanical lock in an unlocked position;
Figure 5 illustrates an example embodiment of the
electromechanical lock viewed from the side illus-
trating cross-sections C-C and D-D;

Figure 6 illustrates example embodiments of the
electromechanical lock utilizing the cross-section
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views C-C and D-D and its state diagram;

Figures 7 and 8 illustrate further example embodi-
ments of the state diagram;

Figure 9 illustrates a further example embodiment
of the electromechanical lock, Figure 10 illustrating
its locked position, and Figure 11 its unlocked posi-
tion; and

Figure 12 is a flow chart illustrating a method in the
electromechanical lock.

Description of embodiments

[0010] The following embodiments are only examples.
Although the specification may refer to "an" embodiment
in several locations, this does not necessarily mean that
each such reference is to the same embodiment(s), or
that the feature only applies to a single embodiment. Sin-
gle features of different embodiments may also be com-
bined to provide otherembodiments. Furthermore, words
"comprising" and "including" should be understood as
not limiting the described embodiments to consist of only
those features that have been mentioned and such em-
bodiments may contain also features/structures that
have not been specifically mentioned.

[0011] The Applicant,iLOQ Oy, has invented many im-
provements for the electromechanical locks, such as
those disclosed in various EP and US patent applications
/ patents, incorporated herein as references in all juris-
dictions where applicable. A complete discussion of all
those details is not repeated here, but the reader is ad-
vised to consult those applications.

[0012] Letus now turnto Figure 1, which illustrates an
example embodiment of an electromechanical lock 100,
but with only such parts shown that are relevant to the
present example embodiments.

[0013] In an example embodiment, the electrome-
chanicallock 100 comprises an electronic circuit 112 con-
figured to read data 162 from an external source 130 and
match the data 162 against a predetermined criterion. In
an example embodiment, besides reading, the electronic
circuit 112 may also write data to the external source 130.
[0014] In an example embodiment, the electrome-
chanical lock 100 comprises an access control mecha-
nism 104.

[0015] In an example embodiment shown in Figure 1,
the electronic circuit 112 electrically controls 164 the ac-
cess control mechanism 104.

[0016] In an example embodiment, an electric power
supply 114 powers 160 both the electronic circuit 112
and the access control mechanism 104.

[0017] In an example embodiment, electric energy re-
quired by the access control mechanism 104 is generat-
ed in a self-powered fashion within the electromechanical
lock 100 so that the electric power supply 114 comprises
a generator 116.

[0018] Inanexample embodiment, rotating 150 a knob
106 may operate 158 the generator 116.

[0019] In an example embodiment, pushing down 150
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a door handle 110 may operate 158 the generator 116.
[0020] In an example embodiment, rotating 150 a key
134 in a keyway 108, or pushing the key 134 into the
keyway 108, may operate 158 the generator 116.
[0021] In an example embodiment, rotating 150 the
knob 106, and/or pushing down 150 the door handle 110,
and/or rotating 150 the key 134 in the keyway 108 may
mechanically affect 152, such as cause rotation, the ac-
cess control mechanism 104.

[0022] In an example embodiment, the electric power
supply 114 comprises a battery 118. The battery 118 may
be a single use or rechargeable accumulator, possibly
based on at least one electrochemical cell.

[0023] In an example embodiment, the electric power
supply 114 comprises mains electricity 120, i.e., the elec-
tromechanical lock 100 may be coupled to the general-
purpose alternating-current electric power supply, either
directly or through a voltage transformer.

[0024] In an example embodiment, the electric power
supply 114 comprises an energy harvesting device 122,
such as a solar cell that converts the energy of light di-
rectly into electricity by the photovoltaic effect.

[0025] Inanexample embodiment, electric energy 160
required by the access control mechanism 104 (and pos-
sibly required by the electronic circuit 112) is sporadically
imported from some external source.

[0026] Inanexample embodiment, the external source
130 comprises a remote control system 132 coupled in
a wired or wireless fashion with the electronic circuit 112.
[0027] Inanexample embodiment, the external source
130 comprises NFC (Near Field Communication) tech-
nology 136 containing the data 162, i.e., a smartphone
or some other user terminal holds the data 162. NFC is
a set of standards for smartphones and similar devices
to establish radio communication with each other by
touching them together or bringing them into close prox-
imity. In an example embodiment, the NFC technology
136 may be utilized to provide 160 the electric energy for
the electronic circuit 112 and/or for the access control
mechanism 104. The smartphone or other portable elec-
tronic device creates an electromagnetic field around it
and an NFC tag embedded in electromechanical lock
100 is charged by that field.

[0028] Inanexample embodiment, the external source
130 comprises the key 134 containing the data 120,
stored and transferred by suitable techniques (for exam-
ple: encryption, RFID, iButton® etc.).

[0029] As shown in Figure 1, in an example embodi-
ment, the electromechanical lock 100 may be placed in
alock body 102, and the access control mechanism 104
may control 154 a latch (or a lock bolt) 126 moving 156
in and out (of a door fitted with the lock 100, for example).
[0030] In an example embodiment, the lock body 102
is implemented as a lock cylinder, which may be config-
ured to interact with a latch mechanism 124 operating
the latch 126.

[0031] In an example embodiment, the electronic cir-
cuit 112 and the access control mechanism 104 may be
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placed inside the lock cylinder 102.

[0032] Although not illustrated in Figure 1, the gener-
ator 116 may be placed inside the lock cylinder 102 as
well.

[0033] Now that the general structure of the electro-
mechanical lock 100 has been described, let us next
study the access control mechanism 104 in more detail
with reference to the remaining Figures.

[0034] Figures 2A and 2B illustrate an example em-
bodiment of the electromechanical lock 100 from two dif-
ferent views.

[0035] The electromechanical lock 100 comprises the
lock body 102, a first axle 200 configured to be rotatable,
a first permanent magnet pin 202 coupled with the first
axle 200, a second permanent magnet pin 204 coupled
with the first axle 204, a second axle 212 configured to
be rotatable, an actuator 206, 216 configured to move
between a locked position and an unlocked position, a
first permanent magnet 208 coupled with the actuator
206, 216, and a second permanent magnet 210 coupled
with the actuator 206, 216. A permanent magnet is an
object made from a material that is magnetized and cre-
ates its own persistent magnetic field.

[0036] The actuator 206, 216 is a transducer that ac-
cepts energy and produces the kinetic energy of move-
ment (= action between the locked position and the un-
locked position). In an example embodiment, the actuator
206, 216 is implemented with an electric motor, which is
an electrical machine that converts electrical energy into
mechanical energy. In an example embodiment, the ac-
tuator 206, 216 is implemented with a stepper motor,
which may be capable of producing precise rotations. In
an example embodiment, the actuator 206, 216 is imple-
mented with a solenoid, such as an electromechanical
solenoid converting electrical energy into motion.
[0037] The first axle 200 and the second axle 212 are
configured to be couplable with each other.

[0038] Figure 3 discloses an example embodiment of
the electromechanical lock 100 in the locked position 300
of the actuator 206, 216. In the locked position of the
actuator 206, 216, the first permanent magnet 208 is con-
figured to direct a first magnetic field exerting a pushing
force to move the first permanent magnet pin 202 into a
contact with the lock body 102 so that rotation of the first
axle 200 is blocked, and the second permanent magnet
210 is configured to direct a second magnetic field ex-
erting a pulling force to move the second permanent mag-
net pin 204 so that the first axle 200 is kept uncoupled
with the second axle 212. In essence, the rotation of the
first axle 200 is blocked, and the first axle 200 is uncou-
pled with the second axle 212. If the electromechanical
lock 100 is now subjected to an external break-in force,
two things must happen in order the lock 100 to open:
the first axle 200 must be released to rotate, and the first
axle 200 and the second axle 212 must be coupled with
each other and rotated.

[0039] Figure 4 illustrates an example embodiment of
the electromechanical lock 100 in the unlocked position
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400 of the actuator 206, 216. In the unlocked position of
the actuator 206, 216, the first permanent magnet 208 is
configured to direct a reversed first magnetic field exert-
ing a pulling force to move the first permanent magnet
pin 202 so that the first axle 200 is released to rotate,
and the second permanent magnet 210 is configured to
direct a reversed second magnetic field exerting a push-
ing force to move the second permanent magnet pin 204
so that the first axle 200 becomes coupled with the sec-
ond axle 212. Now that the opening is rightfully permitted,
the rotation of the first axle 200 is allowed, and the the
first axle 200 is coupled with the second axle 212. The
front-end of the lock 100 may now rotate the back-end
of the lock 100.

[0040] In the example embodiment illustrated in Fig-
ures 3 and 4, the first axle 200 is configured to receive
rotation by a user and the second axle 212 is permanently
coupled with the latch mechanism 124. In our example
embodiment, the knob 106 receives the rotation by the
user, which is transmitted, in the unlocked position of the
actuator 206, 216, through the turning of the first axle
200 in unison with the second axle 212 to the latch mech-
anism 124 withdrawing 156 the latch 126. Naturally, the
knob 106 in this example embodiment may be replaced
with the handle 110 or the keyway 108 as previously dis-
cussed.

[0041] However, a "reversed" example embodiment is
also feasible: the first axle 200 may be permanently cou-
pled with the latch mechanism 124 and the second axle
212 may be configured to receive the rotation by the user.
If we apply this alternate example embodiment to the
Figures of 3 and 4, this means that the knob 106 rotates
freely in the locked position of the actuator 206, 216,
whereas the backend 212 is blocked to rotate, and, in
the unlocked position of the actuator 206, 216, the back-
end 212 is released to rotate and the first axle 200 and
the second axle 212 are coupled together.

[0042] Figure 5 illustrates an example embodiment of
the electromechanical lock 100 viewed from the side il-
lustrating cross-sections C-C (lock body 102 - first axle
200 - first permanent magnet 208 - first permanent mag-
net pin 202) and D-D (second axle 212 - second perma-
nent magnet 210 - second permanent magnet pin 204).
[0043] Figure 6 illustrates example embodiments of
the electromechanical lock 100 utilizing the cross-section
views C-C and D-D and its state diagram.

[0044] The positions of the magnets 208, 210 and pins
202, 204 and their effect on magnetic fields and the re-
versed magnetic fields are illustrated in Figures 6, 7 and
8 with pole naming conventions, the North pole N and
the South pole S: the opposite poles (S-N) attract each
other, whereas similar poles (N-N or S-S) repel each oth-
er.

[0045] Now, the locked position 300 and the unlocked
position 400 of the lock 100, explained earlier with refer-
ence to Figures 3 and 4 become even clearer.

[0046] In the locked position 300 of the actuator 206,
216, the first permanent magnet 208 pushes the first per-
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manent magnet pin 202 into a contact with the lock body
102, and the second permanent magnet 210 pulls the
second permanent magnet pin 204, whereby the first axle
200 cannot rotate, and the first axle 200 remains uncou-
pled with the second axle 212.

[0047] Inthe unlocked position 400 of the actuator 206,
216, the first permanent magnet 208 pulls the first per-
manent magnet pin 202 free from the lock body 102, and
the second permanent magnet 210 pushes the second
permanent magnet pin 204, whereby the first axle 200 is
released to rotate, and the first axle 200 becomes cou-
pled with the second axle 212.

[0048] Inanexample embodiment, the first permanent
magnet 208 and the second permanent magnet 210 are
configured to move in a synchronous manner in relation
to each other as the actuator 206, 216 moves between
the locked position 300 and the unlocked position 400.
Such synchronization ensures thatthe magnets 208,210
remain in correct relation with each other during opera-
tion of the lock 100.

[0049] In an example embodiment, the actuator 216
comprises a rotating shaft 206 configured to move be-
tween the locked position 300 and the unlocked position
400 by a predetermined amount of rotation or counter-
rotation. As can be seen in Figures 2A and 2B, the first
permanent magnet 208 and the second permanent mag-
net 210 may be fixed to holes 220, 222 made in the shaft
206. The first permanent magnet pin 202 may be fitted
into a hollow 250, and the second permanent magnet pin
204 may be fitted into a hollow 252. The pins 202, 204
may be configured to move within the hollows 250, 252
by the forces between them and the permanent magnets
208, 210. In an example embodiment, the pins 202, 204
may be permanent magnets coated by suitable material
withstanding wear and force, or attached to pin-like struc-
tures.

[0050] In an example embodiment, movement direc-
tions of the first permanent magnet pin 202 and the sec-
ond permanent magnet pin 204 are at an angle between
30 and 150 degrees to each other. This feature may im-
prove the security of the lock 100 as external break-in
force is applied. It is also to be noted that the break-in
force should move the pins 202, 204 in opposite direc-
tions at the same time. As Figures 3, 4 and 6 illustrate,
in an example embodiment, the movement directions of
the first permanent magnet pin 202 and the second per-
manent magnet pin 204 are essentially perpendicular to
each other. Furthermore, the first permanent magnet pin
202 and the second permanent magnet pin 204 may be
separated from each other in axial direction of the first
axle 200.

[0051] Figure 6 also illustrates an example embodi-
ment, wherein the actuator 206, 216 is configured to
move between the locked position 300 and the unlocked
position 400 as follows: the first permanent magnet 208
is moved such that a first pole 610 of the first permanent
magnet 208 takes the place of a second pole 612 of the
first permanent magnet 208, and the second permanent
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magnet 210 is moved such that a first pole 614 of the
second permanent magnet 210 takes the place of a sec-
ond pole 616 of the second permanent magnet 210.
[0052] Figure 6 also illustrates an example embodi-
ment, wherein:

the first permanent magnet 208 is configured to di-
rect the first magnetic field exerting the pushing force
to move the first permanent magnet pin 202 due to
the poles 612, 618 of the first permanent magnet 208
and the first permanent magnet pin 202 being similar
to each other (in the locked position 300),

the second permanent magnet 210 is configured to
direct the second magnetic field exerting the pulling
force to move the second permanent magnet pin 204
due to the poles 616, 620 of the second permanent
magnet 210 and the second permanent magnet pin
204 being opposite to each other (in the locked po-
sition 300),

the first permanent magnet 208 is configured to di-
rectthe reversed first magnetic field exerting the pull-
ing force to move the first permanent magnet pin 202
due to the poles 610, 618 of the first permanent mag-
net208 and the first permanent magnet pin 202 being
opposite to each other (in the unlocked position 400),
and

the second permanent magnet 210 is configured to
direct the reversed second magnetic field exerting
the pushing force to move the second permanent
magnet pin 204 due to the poles 614, 620 of the
second permanent magnet 210 and the second per-
manent magnet pin 204 being similar to each other
(in the unlocked position 400).

[0053] Figure 7 illustrates transition 600 from the
locked position 300 to the unlocked position 400. The
first permanent magnet 208 pulls the first permanent
magnet pin 202, but the first axle 200 must turn about 20
degrees before the second permanent magnet 210 can
push the second permanent magnet pin 204 into the
notch 214 in the second axle 212.

[0054] Figure 8 illustrates transition 602 from the un-
locked position 400 to the locked position 300. The sec-
ond permanent magnet 210 pulls the second permanent
magnet pin 204, but the first axle 200 must turn about 20
degrees before the first permanent magnet 208 can push
the first permanent magnet pin 202 into the notch 218 in
the lock body 102.

[0055] In an example embodiment illustrated in Fig-
ures 2A, 2B, 3 and 4, the first axle 200 and the second
axle 212 are configured so that the first axle 200 is at
least partly fitted inside the second axle 212.

[0056] Figures 2A, 2B, 3 and 4 also illustrate an exam-
ple embodiment, wherein the first permanent magnet pin
202 is coupled with the first axle 200 so that the contact
with the lock body 102 takes place outside of the second
axle 212, and the second permanent magnet pin 204 is
coupled with the first axle 200 so that the first axle 200
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becomes coupled with the second axle 212 inside the
second axle 212.

[0057] In an example embodiment illustrated in Fig-
ures 2B, 3, 4 and 6, the lock body 102 comprises a notch
218 configured to hold the first permanent magnet pin
202, and, in the locked position 300, the first permanent
magnet pin 202 is moved into the notch 218 of the lock
body 102 so that the rotation of the first axle 200 is
blocked.

[0058] Figures 2B and 6 further illustrate an example
embodiment, wherein the lock body 102 further compris-
es a plurality of further notches 230, 232, 234, 236, 238,
240, 242 configured to hold the first permanent magnet
pin 202, and, if the electromechanical lock 100 is sub-
jected to an external break-in force, which releases the
first permanent magnet pin 202 from the notch 218 of the
lock body 102, and the first axle 200 starts to rotate, the
first permanent magnet pin 202 is configured to enter into
one of the further notches 230, 232, 234, 236, 238, 240,
242 of the lock body 102, whereby the first axle 200 stops
to rotate. In our example embodiment, the number of the
further notches 230, 232, 234, 236, 238, 240, 242 is sev-
en, but it may vary.

[0059] In an example embodiment illustrated in Fig-
ures 2A and 6, the second axle 212 comprises at least
one notch 214 configured to receive the second perma-
nent magnet pin 204 in the unlocked position 400. As
shown, there may be more than one notch 214, in our
example embodiment eight notches 214, in order to re-
duce the needed amount of the rotation to capture the
second permanent magnet pin 204 into the notch 214.
[0060] In an example embodiment, the electrome-
chanical lock 100 further comprises, coupled with either
the first axle 200 or the second axle 212, one of the knob
106, the door handle 110 or the keyway 108.

[0061] In an example embodiment, the electrome-
chanical lock 100 further comprises the electronic circuit
112 configured to read the data 162 from the external
source 130 and match the data 162 against the prede-
termined criterion, and, provided that the data 162 match-
es the predetermined criterion, the actuator 206, 216 is
configured to move from the locked position 300 to the
unlocked position 400.

[0062] Figure 9 illustrates a further example embodi-
ment of the electromechanical lock 100, Figure 10 illus-
trating its locked position 300, and Figure 11 its unlocked
position 400. Now, the actuator 216 comprises a two-part
rotating shaft 206A, 206B, wherein the first shaft part
206A is coupled with the first permanent magnet 208,
the second shaft part 206B is coupled with the second
permanent magnet 210, and there is a gearing 900 be-
tween the shaft parts 206A, 206B.

[0063] In the locked position 300, the shafts 206A,
206B are in such a position, where the first permanent
magnet 208 pushes the first permanent magnet pin 202
into the notch 218 in the lock body 102, and the second
permanent magnet 208 pulls the second permanent
magnet pin 204 so that it does not enter into the notch
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214 in the second axle 212.

[0064] In the unlocked position 400, the shafts 206A,
206B are in such a position, where the first permanent
magnet 208 pulls the first permanent magnet pin 202 out
of the notch 218 in the lock body 102, and the second
permanent magnet 208 pushes the second permanent
magnet pin 204 into the notch 214 in the second axle 212.
[0065] In an example embodiment illustrated in Fig-
ures 2A and 2B, the electromechanical lock 100 further
comprises further first permanent magnets 208 coupled
with the actuator 206, 216, and further first permanent
magnet pins 202 coupled with the first axle 200. There
is no illustration for the further permanent magnets and
the further permanent magnet pins, but this may be im-
plemented in the example embodiment of Figures 2A and
2B so that the further first permanent magnets are fixed
to further holes 260 made in the shaft 206, and the further
permanent magnet pins are fitted to move in further hol-
lows 262. In an example embodiment, the total number
of the first permanent magnet pins 202 is four, and if they
are divided along the 360 degrees circumference with a
90 degrees separation between each, the total number
of the first permanent magnets 208 is two (as the oppos-
ing poles of a single first permanent magnet 208 may be
used to control two first permanent magnet pins 202).
With this example embodiment, the security of the lock
100 may further be enhanced.

[0066] In the locked position 300, the further first per-
manent magnets 208 are configured to direct further first
magnetic fields exerting further pushing forces to move
the further first permanent magnet pins 202 into further
contacts with the lock body 102 so that the rotation of the
first axle 200 is blocked,

[0067] Intheunlocked position 400, the further first per-
manent magnets 208 are configured to direct further re-
versed first magnetic fields exerting further pulling forces
to move the further first permanent magnet pins 202 so
that the first axle 200 is released to rotate,

[0068] It is to be noted that this example embodiment
may be applicable even in such a structure, wherein the
firstaxle 200 is permanently coupled with the latch mech-
anism 124, i.e. there is no decoupling/coupling with the
second axle 212. In such a case, the structure is as fol-
lows: the electromechanical lock 100 comprises:

a lock body 102;

an axle 200 configured to be rotatable;

(a latch mechanism 124 permanently coupled with
the axle 200, the latch mechanism configured to op-
erate a latch 126;)

a plurality of permanent magnet pins 202 coupled
with the axle 200;

an actuator 206, 216 configured to move between a
locked position 300 and an unlocked position 400;
and

a plurality of permanent magnets 208 coupled with
the actuator 206, 216;

wherein
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in the locked position 300, the plurality of the perma-
nent magnets 208 are configured to direct magnetic
fields exerting pushing forces to move the plurality
of the permanent magnet pins 202 into contacts with
the lock body 102 so that rotation of the axle 200 is
blocked, whereas,

in the unlocked position 400, the plurality of the per-
manent magnets 208 are configured to direct re-
versed magnetic fields exerting pulling forces to
move the plurality of the permanent magnet pins 202
so that the axle 200 is released to rotate (and use
the rotation to open the latch 126 with the latch mech-
anism 124).

[0069] Next, letus study Figure 12 illustratinga method
performed in the electromechanical lock 100. The oper-
ations are not strictly in chronological order, and some
of the operations may be performed simultaneously or in
an order differing from the given ones. Other functions
may also be executed between the operations or within
the operations and other data exchanged between the
operations. Some of the operations or part of the opera-
tions may also be left out or replaced by a corresponding
operation or part of the operation. It should be noted that
no special order of operations is required, except where
necessary due to the logical requirements for the
processing order.

[0070] The method starts in 1200.

[0071] [In1202, anactuatoris moved between a locked
position 300 and an unlocked position 400.

[0072] In the locked position 300, a first permanent
magnet directs a first magnetic field exerting a pushing
force so that rotation of the first axle is blocked in 1204,
and a second permanent magnet directs a second mag-
netic field exerting a pulling force so that the first axle is
kept uncoupled with the second axle in 1206.

[0073] Inthe unlocked position400, the first permanent
magnet directs a reversed first magnetic field exerting a
pulling force so that the first axle is released to rotate in
1208, and the second permanent magnet directs a re-
versed second magnetic field exerting a pushing force
so that the first axle becomes coupled with the second
axle in 1210. The rotation of the first axle may now be
used to open the latch in 1212.

[0074] The method ends in 1214.

[0075] The already described example embodiments
of the electromechanical lock 100 may be utilized to en-
hance the method with various further example embod-
iments. For example, various structural and/or operation-
al details may supplement the method.

[0076] It will be obvious to a person skilled in the art
that, as technology advances, the inventive concept can
be implemented in various ways. The invention and its
embodiments are not limited to the example embodi-
ments described above but may vary within the scope of
the claims.
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Claims

1.

An electromechanical lock comprising:

a lock body;

a first axle configured to be rotatable;

a first permanent magnet pin coupled with the
first axle;

a second permanent magnet pin coupled with
the first axle;

a second axle configured to be rotatable;

an actuator configured to move between a
locked position and an unlocked position;

a first permanent magnet coupled with the ac-
tuator; and

a second permanent magnet coupled with the
actuator;

wherein

the first axle and the second axle are configured
to be couplable with each other, and

in the locked position, the first permanent mag-
net is configured to direct a first magnetic field
exerting a pushing force to move the first per-
manent magnet pin into a contact with the lock
body so that rotation of the first axle is blocked,
and the second permanent magnetis configured
to direct a second magnetic field exerting a pull-
ing force to move the second permanent magnet
pin so that the first axle is kept uncoupled with
the second axle, whereas,

in the unlocked position, the first permanent
magnet is configured to direct a reversed first
magnetic field exerting a pulling force to move
the first permanent magnet pin so that the first
axle is released to rotate, and the second per-
manent magnet is configured to direct a re-
versed second magneticfield exerting a pushing
force to move the second permanent magnet
pin so that the first axle becomes coupled with
the second axle.

The electromechanical lock of claim 1, wherein the
first axle is configured to receive rotation by a user
and the second axle is permanently coupled with a
latch mechanism.

The electromechanical lock of claim 1, wherein the
first axle is permanently coupled with a latch mech-
anism and the second axle is configured to receive
rotation by a user.

The electromechanical lock of any preceding claim,
wherein the first permanent magnet and the second
permanent magnet are configured to move in a syn-
chronous manner in relation to each other as the
actuator moves between the locked position and the
unlocked position.
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5.

10.

The electromechanical lock of any preceding claim,
wherein the actuator comprises a rotating shaft con-
figured to move between the locked position and the
unlocked position by a predetermined amount of ro-
tation or counter-rotation.

The electromechanical lock of any preceding claim,
wherein movement directions of the first permanent
magnet pin and the second permanent magnet pin
are at an angle between 30 and 150 degrees to each
other.

The electromechanical lock of any preceding claim,
wherein the actuator is configured to move between
the locked position and the unlocked position as fol-
lows: the first permanent magnet is moved such that
a first pole of the first permanent magnet takes the
place of a second pole of the first permanent magnet,
and the second permanent magnet is moved such
that a first pole of the second permanent magnet
takes the place of a second pole of the second per-
manent magnet.

The electromechanical lock of any preceding claim,
wherein

the first permanent magnet is configured to direct
the first magnetic field exerting the pushing force to
move thefirst permanent magnet pin due to the poles
ofthefirst permanent magnet and the first permanent
magnet pin being similar to each other,

the second permanent magnet is configured to direct
the second magnetic field exerting the pulling force
to move the second permanent magnet pin due to
the poles of the second permanent magnet and the
second permanent magnet pin being opposite to
each other,

the first permanent magnet is configured to direct
the reversed first magnetic field exerting the pulling
force to move the first permanent magnet pin due to
the poles of the first permanent magnet and the first
permanent magnet pin being opposite to each other,
and

the second permanent magnet is configured to direct
the reversed second magnetic field exerting the
pushing force to move the second permanent mag-
net pin due to the poles of the second permanent
magnetand the second permanent magnet pin being
similar to each other.

The electromechanical lock of any preceding claim,
wherein the first axle and the second axle are con-
figured so that the first axle is at least partly fitted
inside the second axle.

The electromechanical lock of any preceding claim,
wherein the first permanent magnet pin is coupled
with the first axle so that the contact with the lock
body takes place outside of the second axle, and the
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second permanent magnet pin is coupled with the
first axle so that the first axle becomes coupled with
the second axle inside the second axle.

The electromechanical lock of any preceding claim,
wherein the lock body comprises a notch configured
to hold the first permanent magnet pin, and, in the
locked position, the first permanent magnet pin is
moved into the notch of the lock body so that the
rotation of the first axle is blocked.

The electromechanical lock of claim 11, wherein the
lock body further comprises a plurality of further
notches configured to hold the first permanent mag-
net pin, and, if the electromechanical lock is subject-
ed to an external break-in force, which releases the
first permanent magnet pin from the notch of the lock
body, and the first axle starts to rotate, the first per-
manent magnet pin is configured to enter into one
of the further notches of the lock body, whereby the
first axle stops to rotate.

The electromechanical lock of any preceding claim,
wherein the second axle comprises at least one
notch configured to receive the second permanent
magnet pin in the unlocked position.

The electromechanical lock of any preceding claim,
wherein the electromechanical lock further compris-
es, coupled with either the first axle or the second
axle, one of a knob, a door handle or a keyway.

The electromechanical lock of any preceding claim,
wherein the electromechanical lock further compris-
es an electronic circuit configured to read data from
an external source and match the data against a pre-
determined criterion, and, provided that the data
matches the predetermined criterion, the actuator is
configured to move from the locked position to the
unlocked position.

The electromechanical lock of any preceding claim,
further comprising further first permanent magnets
coupled with the actuator, and further first permanent
magnet pins coupled with the first axle,

wherein

in the locked position, the further first permanent
magnets are configured to direct further first mag-
netic fields exerting further pushing forces to move
the further first permanent magnet pins into further
contacts with the lock body so that the rotation of the
first axle is blocked, whereas,

in the unlocked position, the further first permanent
magnets are configured to direct further reversed
first magnetic fields exerting further pulling forces to
move the further first permanent magnet pins so that
the first axle is released to rotate,
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14

17. A method in an electromechanical lock, comprising:

moving an actuator between a locked position
and an unlocked position;

in the locked position, directing, by a first per-
manent magnet, a first magnetic field exerting a
pushing force so that rotation of the first axle is
blocked, and directing, by a second permanent
magnet, a second magnetic field exerting a pull-
ing force so that the first axle is kept uncoupled
with the second axle; and

in the unlocked position, directing, by the first
permanent magnet, a reversed first magnetic
field exerting a pulling force so that the first axle
is released to rotate, and directing, by the sec-
ond permanent magnet, a reversed second
magnetic field exerting a pushing force so that
the first axle becomes coupled with the second
axle.
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FIG. 2A

FIG. 2B
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SECTION D-D

12

300 LOCKED POSITION:

IST MAGNET 208 PUSHES IST PIN 202,
IND MAGNET 210 PULLS 2ND PIN 204,
IST AXLE 200 CANNOT ROTATE,

[ST AXLE 200 UNCOUPLED WITH
IND AXLE 212

b
602 [ TRANSITION

600 | TRANSITION

400 UNLOCKED POSITION:
IST MAGNET 208 PULLS IST PIN 202,
IND MAGNET 210 PUSHES 2ND PIN 204,
IST AXLE 200 FREE TO ROTATE,
{ST AXLE 200 COUPLED WITH
IND AXLE 212

600 TRANSITION:
[ST MAGNET 208 PULLS IST PIN 202,
BUT IST AXLE 200 MUST TURN ABOUT
20 DEGREES BEFORE IND MAGNET 210
CAN PUSH 2ND PIN 204 INTO NOTCH 214

602 TRANSITION:
IND MAGNET 210 PULLS 2ND PIN 204,
BUT IST AXLE 200 MUST TURN ABOUT
20 DEGREES BEFORE [ST MAGNET 208
CAN PUSH IST PIN 202 INTO NOTCH 218
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1202 MOVE ACTUATOR
BETWEEN LOCKED POSITION
AND UNLOCKED POSITION
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300 LOCKED POSITION

A 4

1204 DIRECT IST MAGNETIC
FIELD TO BLOCK ROTATION
OF IST AXLE

400 UNLOCKED POSITION

y

208 DIRECT REVERSED IST
MAGNETIC FIELD TO
RELEASE [ST AXLE TO
ROTATE

1206 DIRECT 2ND
MAGNETIC FIELD TO KEEP
[ST AXLE UNCOUPLED WITH

IND AXLE

Y

1210 DIRECT REVERSED

IND MAGNETIC FIELD TO

COUPLE [ST AXLE WITH
IND AXLE

r

{212 USE ROTATION TO

1
1
]
1
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1
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I
I
I

OPEN LATCH
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